The Ediacaran skeletal tubular putative metazoan Cloudina occurs globally in 12 carbonate settings, which provided both lithified substrates and minimized the cost of 13 skeletonization. Habitat and substrate preferences, and the relationship of Cloudina to 14 other metazoans, have not been fully documented so we know little as to its ecological 15 demands or community dynamics. In situ Cloudina from the Nama Group, Namibia (ca. 16 550-541 Ma) formed mutually-attached reefs composed of successive assemblages in 17 shallow, high-energy environments, and also communities attached to either stromatolites 18 in storm-influenced deep inner-ramp settings or thin microbial mats in lower energy 19
diameters vary together and show a systematic increase toward the top of each 23 assemblage. We conclude that most Nama Group Cloudina represent one ecologically 24 generalist taxon with highly variable size, that size was environmentally mediated, and 25
that Cloudina could respond rapidly to periodic environmental changes. While Nama 26
Group skeletal metazoans coexisted with soft-bodied biota, there was no apparent 27 ecological interaction as they were segregated into lithified carbonate, and non-lithified 28 clastic microbial mat communities, respectively. We infer that ecological flexibility 29 allowed Cloudina to form varied communities that colonized diverse carbonate substrates 30 under low levels of interspecific substrate competition. This is in notable contrast to the 31 earliest Cambrian skeletal epibenthos that formed biodiverse reef communities with 32 specialist niche occupancy.
INTRODUCTION 34
The oldest metazoans are known from the Ediacaran (ca. 575-541 Ma), but not 35 only are the affinities of many Ediacaran metazoans poorly constrained, but so are the 36 ecological dynamics of the communities they formed. Given the importance of key 37 innovations such as biomineralization, reef-building, new trace fossil behavioral types 38 and predation as well as ecosystem engineering in fueling the Cambrian Radiation, 39 documentation of the terminal Ediacaran ecological landscape is fundamental to 40 understanding the rise of metazoans. 41
The non-uniformitarian Ediacaran marine world was characterized by a 42 heterogeneous redox landscape (e.g., Wood et al., 2015) , and carbonate and clastic 43 seafloors were covered by extensive microbial mats in the absence of deep bioturbation 44 (Droser et al., 2005) . All known Ediacaran biomineralized metazoans are exclusively 45 demand of an immobile habit (Wood, 2011) . 48
Here we consider the in situ distribution of the putative metazoan Cloudina in the 49 Nama Group, Namibia (ca. 550-541 Ma) (Fig. 1) 
MORPHOLOGY AND GROWTH OF CLOUDINA 57
Cloudina is built of repeating funnel-like, adapically flaring tubes or cones set one 58 within the next to form a distinctive cone-in-cone, eccentrically-built skeleton (Germs,  59 1972). Cloudina may have been a filter or suspension feeder of possible Cnidarian 60 affinity, where soft-parts probably occupied the youngest cones only (Wood, 2011) . 61
Cloudina was capable of multiple reproductive modes, including aggregation and 62 episodic larval settlement (Wood and Curtis, 2015) , and clonal reproduction (Hua et al., 63 2005) . From the ancestral cone (Fig. 2F) , Cloudina shows a variety of growth modes 64 where cones can be added at variable intervals, often manifest as external annular ridges, 65 and can grow in size (diameter and height) to varying degrees. Growth mode A has 66 densely stacked cones with rapid early cone size increase to achieve maximum diameter, 67 which then remains constant. Growth mode B shows densely stacked cones with 68 C, which often grew attached to C. hartmanae (Germs, 1972) . 78
GEOLOGICAL SETTING OF THE NAMA GROUP 79
The Nama Group (ca. 550 -541 Ma) is a terminal Ediacaran succession of highly 80 fossiliferous mixed clastics and carbonates ranging from supratidal to outer ramp settings 81 with varying hydrodynamic conditions (Grotzinger and Miller, 2008) . The Nama Group 82 was deposited across the Zaris and Witputs sub-basins (Fig. 1A) , which have been 83 correlated using sequence stratigraphy, chemostratigraphy, and dated ash beds. The base 84 of the Nama Group is estimated at ca. 550 Ma and the youngest dated ash bed 130 m 85 below the top of the Nama Group yields a U-Pb date of 540.61 ± 0.67 Ma (Grotzinger et 86 al. [1995] as 543.3 ± 1 Ma; recalculated by Schmitz [2012] ). Cloudina is found in most 87 carbonate units of the Nama Group (Fig. 1B) . 88
Assemblages from three localities are considered in this study: Driedoornvlagte 89 reef complex, Zebra River and Swartpunt ( 
Tube diameter Distribution of Cloudina 146
Normalized tube diameter distribution of all measured in situ Cloudina (n = 1145) 147 follows an exponential distribution (Fig. 3A) . By contrast, raw mean and range (Fig. 3C) , 148 and normalized distributions (Figs. 3B-3E ) for each setting reveals size differences 149 between assemblages. Shapiro-Wilk tests show that the size distributions of in situ 150 assemblages are not normally distributed (Table DR2) . Kolmogorov-Smirnov tests reject 151 the null hypothesis that these size distributions are from the same population distribution. 152
Differences between the C. hartmanae and C. riemkeae reefs, and the inter-stromatolite 153 mud at Zebra River (Fig. 3D ) are all statistically distinct at the 95% confidence level 154 from each other and from all other settings (Table DR3) (Figs. 3C and 3D ). This confirms that detrital Cloudina size distribution 177
should not be used as representative of any in situ community. Contrary to previous 178 assessments (Germs, 1972), however, the exponential rather than bimodal distribution of 179 tube diameter (Fig. 3A) , shows that size should not be used as a species-specific trait. The broad size range and highly flexible growth of Cloudina, as well as a 207 capability for diverse substrate colonisation also infers a generalist strategy. A similar 208 generalist behavior with considerable intraspecific size variation has been noted in the 209 contemporary skeletal metazoan Namacalathus (Penny et al., 2016) . Indeed, such 210 generalist behaviors might be expected of suspension-feeding benthos which show 211 colonization via repeated broadcast larval spat falls to create dense stands of individuals, 212 so minimising competition and increasing feeding efficiency (Wood and Curtis, 2015) . 213
Exploitation of matgrounds is a dominant Ediacaran ecological strategy, but 214 unlike soft-bodied Ediacaran biota, Cloudina had a preference for hard substrates. In the 215 Nama Group skeletal metazoans occupied exclusively carbonate habitats but soft-bodied 216 biota were restricted to clastic, usually transgressive tract settings, often within the same 217 conformable sequences (Wood et al., 2015) . So while contemporary, these biotas were 218 spatially segregated with no apparent competition for substrates or other resources. 219
Unlike the unlithified clastic microbial mat habitat, however, which was highly 220 susceptible to removal by increasing bioturbation during the Cambrian, the lithified 221 microbial substrate-epibenthic metazoan association persisted through the Paleozoic and 222
beyond. 223
Ediacaran skeletal metazoan communities were of very low diversity, rarely 224 reaching a maximum of three taxa (e.g., in the Nama Group -Cloudina, Namacalathus, 225
and Namapoikia). This is in notable contrast to the first skeletal benthic metazoan 226 communities of the early Cambrian Stage 2, which show up to seven taxa (Riding and www.geosociety.org/pubs/ft2017.htm, or on request from editing@geosociety.org. 343
